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VOLCANIC VENTS AND FLOWS

interfinger with volcanic rocks erupted from vents near
Black Lakes. Flows erupted from the north end of La
Mesa and from Cerro Montoso flooded the southern
part of La Mesa and parts of Le Febres Mesa. The
basalt-capped Gallina Mesa, directly north of Ocate, is
at equivalent elevation and distance above the present
day streams and is interpreted to belong to this period
of volcanism. Four- to five-m.y.-old flows are present in
the valley south of Guadalupita (4.3 m.y. old), to the
north along Coyote Creek (4.7 m.y. old), and cap El
Cerro Colorado (4.1 m.y. old), located directly east of
Los Chupaderos. Flows of this age group were deposited
on an erosion surface that ranges in elevation from near
3000 m (10,000 ft) directly south of the Cimarron Moun-
tains, to 2100 m (7,000 ft) on the adjacent Great Plains
{pL 1).

Volcanic rocks east and south of the Cimarron Moun-
tains.—Numerous small volcanic flows cap high mesas
in the northeastern part of the Ocate volcanic field.
Vents for flows on Urraca and Fowler Mesas are located
on these mesas and at Rayado Peak, a small cone direct-
ly southwest of Fowler Mesa. Both Rayado and Gon-
zalitos Mesas contain small vents. Basaltic eruptions
on Ortega and Rivera Mesas to the south appear to have
been much more extensive than flows to the north;
vents for these flows include Rayado Peak, but source
areas are also present farther west, near Agua Fria
Peak.

Volcanic rocks on these mesas are olivine basalts,
platy to massive and variable in degree of vesiculation.
Phenocrysts of olivine and less commonly plagioclase
are set in a dense, dark-gray aphanitic matrix.

Neither Urraca nor Fowler Mesas were visited. Flows
on Urraca Mesa were sampled by Hussey (1971) and
dated at 4.3 m.y. He described these basalts as
aphanitic porphyritic, containing phenocrysts of plagio-
clase, olivine, and biotite in a groundmass of plagioclase,
pyroxene, olivine, and opaque oxides. Alteration of
olivine to iddingsite is common. These rocks were ex-
pelled, in part, from a vent on Urraca Mesa now marked
by a small plug surrounded by volcanic bombs and
scoriaceous material (Simms, 1965).

Simms {1965) mapped and described volcanic rocks
on Fowler Mesa and Rayado Peak as medium-gray, fine-
ly crystalline olivine basalt. Thickness ranges from
about 15 m (50 ft) on Fowler Mesa to nearly 100 m
(300 ft) on the northeast side of Ortega Mesa. Vents at
Rayado Peak and Fowler Mesa contain abundant
volcanic bombs and scoriaceous material. Simms (1965)
described the basalts as containing phenocrysts of
olivine, partly altered to iddingsite, set in a matrix of
plagioclase (An,, ..), olivine, clinopyroxene, and
magnetite. Minor quartz xenocrysts with clinopyrox-
ene reaction coronas are present.

AT

Basalt on the north side of Gonzalitos Mesa aggre-
gates some 20 m (70 ft) in thickness; maximum thick-
ness may be more than 60 m (200 ft) near vents. These
olivine basalts weather medium gray and are platy to
massive in the lower parts, becoming more vesicular
upsection. The basalts are underlain by pebbles and cob-
bles of Precambrian rocks locally strongly cemented by
calcium carbonate. The surface of the flows on this
mesa, like Rayado Mesa to the west, is somewhat ir-
regular, containing small vents of low relief; the upper
surface of these basalts everywhere dips away from
these centers, but basalts appear to have flowed main-
ly eastward. The basal flow on the north side of Gon-
zalitos Mesa gave a K-Ar date of 4.5 m.y.

These flows are glomeroporphyritic, containing
clusters of olivine, augite, and plagioclase as well as in-
dividual phenocrysts of these minerals. Euhedral to
subhedral olivine is characteristically embayed by
groundmass grains, and peripheral surfaces are altered
to iddingsite. Plagioclase occurs as slender, polysyn-
thetically twinned laths and as anhedral phenocrysts
that tend to be zoned and enclose groundmass grains.
Idiomorphic augite is common. Groundmass consists
of prismatic, randomly oriented plagioclase and augite
and equant olivine and magnetite evenly distributed
throughout the matrix. Interstitial to the ground-
mass crystals is anhedral plagioclase showing diffuse
zoning.

Ortega and Rivera Mesas (pl. 1) actually comprise a
large single mesa that has been given distinct names
corresponding to areas that lie either north or south of
the east-flowing Sweetwater Creek. The smoothly arcu-
ate plan of the mesa north of the creek is called Ortega
Mesa; the more irregular, dissected part to the south
is called Rivera Mesa. The lowermost basalts on these
mesas lie on the same surface as the 4.3- and 4.5-m.y.-
old flows on Urraca and Gonzalitos Mesas, respec-
tively. However, volcanism on the Ortega-Rivera Mesa
was more complex: one small, slightly higher mesa
capped by basalts that are probably older than 5 m.y.
is incorporated within this flow system on Rivera Mesa;
and basaltic rocks, dated at 3.5 m.y., were erupted from
White Peak, one of the higher points on Ortega Mesa,
and these rocks partly buried the older flows.

Volcanic rocks in the Agua Fria Peak area.—The 4.0-
to 5.0-m.y.-old flows that include Ortega and Rivera
Mesas extend from Gonzalitos and Apache Mesas on
the east in the Great Plains, westward to the Moreno
Valley and Black Lakes, within the Sangre de Cristo
Mountains. These flows are bounded on the north by
the Cimarron Mountains and on the southwest by
Sierra Montuosa Mesa.

Flows on Rivera Mesa connect with the intermediate-
level flows that cap the northwest-trending, slightly
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sinuous Apache Mesa. The higher mesa directly west
of Apache Mesa, herein called Apache Mesa (west), is
capped by flows interpreted to be older than 5 m.y. The
basal flows on Rivera Mesa can be traced around to
Laguna Salada Mesa, northwestward to Agua Fria
Peak on a surface that dips gently southeast. These
flows lie more than 60 m (200 ft) below the base of the
basalts older than 5 m.y. that cap Sierra Montuosa
Mesa.

Most of the vents that expelled these flows are shield
volcanos with flanks that dip less that 5°. Vents are
marked by abundant scoria, highly oxidized basalt, and,
locally, orange-yellow weathering tuff and tuff breccia.
Notable vents in the higher, western part of the area
are Aspen Hill, Willys Tip, Spruce Hill, Peak 10192,
Apache Peak, and Agua Fria Peak (pl. 1).

Flows on Ortega and Rivera Mesas and on mesas that
represent the same surface to the northwest are olivine
basalts. These flows are divided into two complexly
mixed textural groups: microcrystalline, aphanitic
porphyritic, pilotaxitic basalt; and diabase. All rocks
carry phenocrysts of olivine, plagioclase, and
clinopyroxene. Anhedral to subhedral olivine is locally
embayed by the groundmass grains. A peculiarity of
this olivine is that alteration to iddingsite is present not
only along the edges of the crystals, but locally also in
the crystal cores, or as a thin rind within the crystal
that is mantled by unaltered olivine (fig. A4); these
crystals were apparently oxidized both early and late
in their crystallization history. Plagioclase phenocrysts
are also present as two distinct types. Euhedral
phenocrysts (An,,) showing well-developed polysyn-
thetic twinning are most abundant; anhedral to
subhedral, generally equant, zoned crystals are less
common. The zoned crystals have cores that are char-
acteristically partly or wholly corroded by magmatic
fluids. Mantling the zoned crystals are thin, clear rinds
that are in turn embayed by groundmass grains. Pyrox-
ene phenocrysts are present in some specimens; where
present, they occur as subhedral augite whose rounded
cores are mantled by rinds that define crystal faces and
enclose groundmass grains. Clinopyroxene also occurs
as clusters of radiating crystals; the core of the cluster
is marked by rounded blebs of olivine, iddingsite, and
magnetite. Minor quartz xenocrysts are also present
and carry reaction coronas of clinopyroxene. Ground-
mass grains consist of slender plagioclase (An,,) laths,
prismatic augite, and equant crystals of magnetite and
olivine-iddingsite. The flows on Apache Mesa contain
rare biotite.

Volcanic rocks along the western side of the Ocate
volcanic field.—Volcanic rocks along Coyote Creek from
Black Lakes south toward the village of Guadalupita
(fig. A5) consist of olivine basalt flows locally more than
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50 m (165 ft) thick, overlain by thick stream gravels
composed mainly of Precambrian quartzite and quartz-
feldspar-muscovite gneiss. The distal, southern end of
the flows is largely confined to the valley floor. North-
ward, these flows occupy a much larger area west of the
creek but end abruptly against the east wall of the
valley. The surface on which these flows lie appears
relatively flat, rising gently toward Black Lakes. Two
vents directly south of Black Lakes appear to be the
main source of these flows and are considerably dif-
ferent in character. The more northerly, principal vent
is arounded, elongate knob capped by strongly oxidized
scoria, volcanic breccias, and blocky flows. The vent is
largely surrounded by yellow-orange to cream-colored
tuff and tuff breccia, volcanic bombs, and local laharic
deposits below the basal flows. A slightly younger vent
directly southeast is circular in plan and dome-shaped
in cross section. Basalts everywhere dip away from a
central basaltic knob that is capped by minor
scoriaceous material. This feature appears to be a
basaltic intrusion, satellitic to the main vent, which
domed the overlying basalts and expelled very little
basalt as flows. State Road 38 passes through the
eastern part of this structure.

Basalt at the southern end of this sequence of flows
in Guadalupita Canyon yielded a K-Ar age of 4.8 m.y.
(Stormer, 1972); those flows directly south of Black
Lakes are 4.5 m.y. old (table Al).

These flows are locally diabasic, generally pilotaxitic
and vesicular. Vesicules are commonly filled with
calcite. All are porphyritic, locally glomeroporphyritic,
containing clusters of olivine and clinopyroxene. Olivine
is present as subhedral to euhedral crystals partly
altered to iddingsite, which commonly occurs as thin
rinds or along internal fractures and locally as iddingsite
cores surrounded by optically continuous olivine. Some
crystals show strong embayment by groundmass
grains. Augite occurs as phenocrysts in most speci-
mens. Crystals are typically euhedral showing either (1)
a thin syntaxial rind or overgrowth on an inclusion-
choked core (fig. AGA), or (2) an inclusion choked core,
or (3) strong embayment by the groundmass grains (fig.
A6B). Plagioclase phenocrysts are of two types, either
well-formed polysynthetically twinned laths or equant
to prismatic phenocrysts showing magmatically cor-
roded cores mantled by clear, syntaxial rims, all
embayed by groundmass grains. Quartz xenocrysts
mantled by clinopyroxene reaction coronas are also
present (fig. A7). The groundmass contains varied
amounts of slender plagioclase laths, stubby prisms of
augite, equant olivine-iddingsite, and euhedra of even-
ly distributed magnetite. Minor biotite was observed
in one specimen collected from Guadalupita Canyon.
Anhedral, diffusely twinned plagioclase enclosing
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TABLE A3.—Chemical analyses and CIPW normative calculations for volcanic rocks 5.0 to 4.0 m.y. old from the Ocate volcanic field

[Major oxide analyses performed by rapid methods described under ‘‘single solution” in Shapiro (1975). Leaders (---), not present. Analyses by K. Coates, H. Smith, Z.A. Hamlin,
and N. Skinner]

Sample no.

Constituent 1 2 3 4 5 6 7 8 9 10 11

Chemical composition

5i0p..0. 52.54 52.6 55.9 52.9 49.1 49.9 50.96 49.81 49.81 49.99 64.72
A1203... 15.07 17.7 16.5 16.6 16.0 16.7 15.63 15.61 15.34 15.24 14.71
Fe,03... 3.18 8.0 4.8 5.2 3.4 5.4 5.27 5.97 4.45 6.63 1.99
FeO..... 6.66 1.4 2.7 3.5 7.2 6.3 5.57 4.47 6.73 3.27 2.39
MglO..e.. 6.58 3.8 3.2 4.7 8.8 6.4 5.47 7.16 5.74 7.03 1.79
Ca0..... 8.9 7.2 6.2 7.7 8.9 9.2 8.006 9.05 8.11 J.ll 3458
Na,0.... 3.81 4.2 3.8 3.7 3.1 3.0 3.58 3.58 3.76 3.06 3.58
KyOuvwrwo 1.81 2.3 2.5 2.1 1.3 U.85 1.39 1.29 2.47 1.78 4,18
HyO..nn -—= -1.3 -2.27 -1.53 -1.01 -0.79 -1.17 -0.73 -1.17 -0.78 -1.91
Ti0y.... 1.02 1.6 1.3 l.6 1.8 1.7 1.069 1.59 2.08 1.48 .79
Py05.... 0.43 0.95 0.44 0.46 0.47 0.33 0.43 0.6l 0.42 0.89 0.01
MnO..... 0.15 0.13 0.09 0.12 0.14 0.19 .14 U.14 0.22 0.12 0.06
COpevenn - -0.05 0.01 -0.04 -0.01 -0.05 -0.03 - -0.04 -0.01 -

Sum... 100.75 101.25 99.71 100.15 101.23 100.86 99.99 100.01 100.34 99.97 99.71

Normative composition (wt %)

QZeoosns - 2.47 9.03 3.92 - 1.84 1.63 - - - 18.61
OCeevnen 10.69 13.77 14.81 12.38 7.58 5.01 8.23 7.63 14.62 10.53 24 .68
Ab.coeos 32.25 35.15 32.24 31.26 25.91 25.64 30.07 30.29 28./3 30.99 30.28
An..oo.. 18466 22.85 20.64 22.45 25.58 29.37 22.44 22.71 17.67 19.87 11.75

NEwsseus === -— -— -— -— -— -— -— 1,67 == -
WOesuweo 7.25  2.76  3.03  5.19  6.23  5.73  7.32 7.l 8.19 8.1 1.67
Efeeeee. 12,8 9.59  7.99 11.68  8.67 15.85 13.63 15.3 5.44 12.85  4.46
FSueveves  5.63 ——- —- - 3,04 4.52  3.34 079 2,15 ——- 1.55
FOuueunns 2.5  -—- - - 9.09  -— - 1.77 6.2 3.26 -
Fasesee. 121 —=- —- -— 3.52 -—- - 0.1 2.7 -— -—

Mteoesos 4.61 0.37 5.24 7.02 4,87 7.91 7.65 8.65 6.45 6.61 2.88

Hm...... - 7.75 1.19 0.34 —-—- -—= - - - 2.07 -—=
Fle..... 3.08 3.08 2.47 3.03 3.37 3.26 3.21 3.02 3.95 2.82 1.49
ADevevns 0.98 2.26 1.04 1.08 1.1 0.91 1.01 1.44 0.98 2.11 U.73
Dicecese 14.5 5.52 6.06 10.38 12.46 11.46 14.64 5.22 15.78 16.2 3.34
Hyeeeeeo 11.18 0.83 4.96 6.49 5.48 14.64 9.65 8.48 - 4.75 4,34
SAMPLE LOCALITIES AND COMMENTS:
Sample Field Location Reference Age
No. No. (m.y.)
1 —— Black Lake. Aoki and Kudo (1976), table 2E, No. 33.
2 - Pass south of Black Lake. Lipman and Mehnert (1975), table 3, 4.3%
3 2C2 Los Chupaderos-Guadalupita No. 25. 4.,2+0.4
Valley.
4 4C2 El Cerro Colorado. 4.0£0.2
5 1L2 State Highway 21, 3.5 km
(2 mi) east of Ojo Feliz. 4,0+0.3
6 ——= State Highway 21, 3.5 km Lipman and Mehnert (1975) table 3,
(2 mi) east of Ojo Feliz. No. 21.
7 TT5 Laguna Salada Mesa.
8 GMV 2 Gonzalitos Mesa.
9 MRV2 Apache Mesa.
10 GvV2 Cerro Montoso, late flows.
11 GV2A Cerro Montoso, viscous flows.
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TABLE A4.—Chemical analyses and CIPW normative calculations for volcanic rocks younger than 4 m.y. from the Ocate volcanic field
[Major oxide analyses performed by rapid methods described under ‘‘single solution” in Shapiro (1975). Leaders (---), not present. Analyses by K. Coates, H. Smith, Z.A. Hamlin,
and N. Skinner]

Sample no.

Constituent 1 2 3 4 5 6 7 8 9 10 11 12 13

Chemical composition

8i0j..e...50.67 51.0 49.6 50.7 51.4 49.6 49.02 55.58 49.66 54.72 48.85 48.99 51.77
Aly03.....15.91 16.6 16.2 15.8 16.1 15.9 16.75 14.63 16.54 15.48 15.56 15.08 16.01
Fe,0g5..... 3.41 2.8 3.8 2.0 2.9 3.87 3.32 2.54 2.68 3.06 5.94 4.93 3.75
FeOuvereoes 7.52 7.5 7.6 8.0 7.1 8.05 8.09 5.75 7.95 5.82 6.34 6.7 5.73
MgOeeeeees 6.76 7.3 7.8 8.3 7.3 7.24 6.89 5.64 6.44 5.52 7.03 7.29 5.73
Caleeeoees 9.20 9.1 8.7 8.4 8.6 8.69 9.07 6.98 9.1 7.3 8.62 9.27 7.9

NajsOeeeess 3.12 3.0 3.2 3.0 3.2 3.6 3.5 3.41 3.6 3.45 3.37 3.33 3.75
Ky0..0eee. 0495 1.1 1.0 1.3 1.3 0.85 0.6 2.03 0.87 2.07 0.90 1.18 2.07
HyOeevewer =90 -0.65 -0.53 -1.04 -0.95 -0.71 -1.09 -1.75 -0.89 -0.97 -0.489 -0.63 -0.97
Ti0yeeee.. 1216 1.2 1.6 1.6 1.5 1.08 1.65 1.23 1.55 1.18 1.70 1.17 1.48
Py0geesees 0.37 0.34 0.34 0.54 0.38 0.39 0.26 0.53 0.41 0.43 0.50 0.62 0.67
MnO.eeeass 0.22 0.17 0.18 0.14 0.16 0.19 0.49 0.17 0.15 0.11 0.19 0.17 0.15
COpenanes === -0.05 -0.05 -0.03 0.05 -—= - - -—= - -0.04 - -0.01

Sum.....100.19 100.81 100.60 100.90 100.94 100.17 100.37 99.74 99.82 100.31 99.93 99.36 99.69

Normative composition (wt %)

QZeeeess —— -—- -— -— -— — -— 5.74 - 4.39 -—- - -
Qreeveees 5.62 6,56 5.96 7.79  7.76  5.01  3.56 12,02 5.12 12,27 5.33 6.99  12.26
Ab.......26.32  25.61 27.25 25.75 27.37 30.46 29.62 28.84 30.46 28.37 28.51  28.36  31.77
An.......26.65 28,29  26.82  25.63 25.45 24.73  28.2  18.61  26.42 21.98  24.66  22.62  20.69

Ne.oeowo - - —-— -— —_— — J— — _— - _— _— _—

WOeessoas 6.93 6.06 5.82 5.28 6.12 6.61 6.32 5.27 6.7 5.13 6.1 8.06 5.87
Eneeeenaal5.57 14,54 11.76 13.36 15.13 8.42 8.31 14.04 7.78 13.75 16.45 11.68 11.88
FSeeesaae 8.77 7.79 6.1 6.85 6.98 4.75 4.71 16.74 4.89 6.41 3.89 3.61 4,37
FOuseooss 0.89 2.49 5.3 5.16 2.1 6.73 6.20 - 5.78 - 0.75 4,54 1.67
Faeeesaes 0455 1.47 2.54 2.91 1.07 4,19 3.88 -—= 3.99 - 0.20 1.55 0.67
Mteeasses 4.95 4.1 5.55 2.94 4.25 5.6 4,82 3.68 3.89 4.43 8.62 7.15 5.44
Hieeuruo =——- — —- — — —- — — — — — -—- -—-
Flevesoas 2.2 2.3 3.06 3.08 2.88 2.05 3.14 2.34 2.94 2.25 3.39 3.37 2.82
ApPeeessss 0.85 0.81 0.81 1.27 0.91 0.92 .59 1.21 0.95 1.03 1.17 1.47 1.59
Dieeseecsal3.86 12.12 11.64 10.56 12,24 13.17 12.64 10.51 12.67 10.26 12.2 16.12 11.74
Hyeoeaoaal2.41 16.27 11.04 14.83 15.98 6.56 6.7 25.51 5.57 15.03 14.24 7.23 10.38
SAMPLE LOCALITIES AND COMMENTS
Sample Field Locality Reference Age
No. No. (m.y.)
1 _— Maxon Crater. Aoki and ¥udo (1976), table 2E, No. 28
2 —_— Maxon Crater. Lipman and Mehnert (1975), table 3, No. 23 1.36
3 -_— Charette Mesa, basal flows Lipman and Mehnert (1975), table 3, No. 20 3.0
at Wagon Mound.
4 -— Lowest mesa, 2 km (1 mi) N. Lipman and Mehnert (1975), table 3, No. 22 2.15
of Wagon Mound.
5 —_— Flows of Charette Mesa. Lipman and Mehnert (1975), table 3, No. 24
6 —_— Flows of Charette Mesa. Aoki and Kudo (1976), table 2E, No. 29
7 - Flows of Charette Mesa. Aoki and Kudo (1976), table 2E, No. 30
8 ——— Flows of Charette Mesa. Aoki and Kudo (1976), table 2E, No. 31
9 - Flows of Charette Mesa. Aoki and Kudo (1976), table 2E, No. 32
10 OMV-2WP White Peak. 3.2
11 104 Cerro Pelon, lower flow
in Ocate Valley.
12 ov4 Small vent, directly E. of

Cerro Montoso.
13 CNV1 Cerro del Oro, 0.76
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and Tilley (1962) (after Irvine and Baragar, 1971).
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PETROGENESIS

Interpretation of the petrogenetic evolution of the
rocks of the Ocate volcanic field is beyond the scope of
this report; however, a detailed study of the petro-
genesis of these volcanic rocks based on numerous ma-
jor and minor element geochemical analyses was made
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by Nielsen and Dungan (1985) who collected and inter-
preted their data while this report was in preparation.
They concluded that:
(1) The alkali olivine basalts were derived from
physically discrete source regions and probably were
products of small degrees of melting and(or) melting
at great depths.
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TABLE A5.—Average chemical composition of tholeiitic basalts

Analysis
Constituent 1 2 3 4
Si0jcecnncnanee 50.66 50.83 47.9 50.9
AlgOgececenecnn. 15.72 14,07 11.84 16.3
FesO0gecececenes 3.65 2.88 2.32 2.7
FeDeservoeennens 6.88 9.06 9.8 8.8
Mg0eesocooncasne 7.04 6.34 14.07 7.4
Caleeeseosncens 8.68 10.42 9.29 8.9
NajOauenn [ 3.28 2.23 1.66 3.0
KoOvevavanennns 1.29 0.82 0.54 0.6
Ti0geeeaseasens 1.53 2.03 1.65 1.2
PyOgecaceccnnns 0.46 0.23 0.19 0.1
MnOseseesoonnns 0.15 0.18 0.15 0.1
SuMeveseoenne 99.34 99.09 99.41 100.00
ANALYSES

1. Average of 17 analyses of oldest and youngest

basalts in the Ocate volcanic field.

Average of 137 analyses of tholeiitic basalt
(Nockolds, 1954).

3. Average of 28 analyses of tholeiitic olivine
basalts (Nockolds, 1954).

4. Average of 19 olivine tholeiite basalts,
Taos Plateau (Lipman, 1969).
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FIGURE A20.—AMF plot of 28 saniples of volcanic rocks from the
Ocate volcanic field. Dashed line separates tholeiitic suite from calc-
alkaline suite.
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(2) Intermediate lavas were derived from basaltic
magma differentiated by mechanisms of crystal frac-
tionation and crustal assimilation.

(3) Andesitic lavas were derived mainly by crystal
fractionation and crustal assimilation.

BASALTIC VOLCANISM IN AND ADJACENT TO
THE RIO GRANDE DEPRESSION

The Rio Grande depression or rift is a Neogene tec-
tonic feature of extensional faulting that trends north
from a poorly defined region of merger with the Basin
and Range Province in southern New Mexico, incor-
porating at least five distinct tectonic basins arranged
en echelon (Kelly, 1952). The graben-like character of
the depression disappears north of the Arkansas Valley
graben in central Colorado, but young faults are pres-
ent northward along this trend to near the Wyoming
border (Tweto, 1978).

Basaltic volcanic rocks erupted during the tectonic
development of the depression are present within the
rift and along its margins. The southern part of the San
Luis Basin contains numerous volcanic vents and is
filled with the predominantly tholeiitic Servilleta Basalt
that ranges in age from 4.35 to 2.43 m.y. (Ozima and
others, 1967); the massive Jemez volcanic field is
associated with basalt flows, necks, and north-trending
dikes that range in age from 10.4 m.y. (Luedke and
Smith, 1978) to 1.96 m.y. (Manley, 1976); and small
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Province, alkaline basalts and their nephelenite and
basanite differentiates are present in the Raton area;
at Ocate, nearer the depression, the rocks are transi-
tional in composition between alkaline and subalkaline.
Northwest of the intersection, young basalts in the
Tusas Mountains are alkaline; west of the intersection
and along the line in Mt. Taylor and the Zuni Moun-
tains, both subalkaline and alkaline basalts are present.
South of the lineament are the alkaline basalts of the
Lucero uplift. Directly south of the intersection in the
Albuquerque-Belen Basin, both subalkaline and alkaline
basalts are present; basalts in the southern part of the
basin are predominantly alkaline.

The regional distribution of alkaline and subalkaline
basalts suggests that subalkaline basalts were erupted
only in areas at or adjacent to the intersection of the
Rio Grande depression and the Jemez Line. Away from
this intersection, predominantly alkaline volcanic rocks
are present. The composition of the basaltic rocks of the
Ocate volcanic field may have been in part controlled
by the partial melting of mantle material at unusually
shallow depths, apparently accommodated by the in-
tersection of these two tectonic features.
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LATE CENOZOIC PHYSIOGRAPHIC EVOLUTION
OF THE OCATE VOLCANIC FIELD

By J. MICHAEL O’NEILL

ABSTRACT

The Ocate volcanic field lies at the transition between the Southern
Rocky Mountain and the Great Plains physiographic provinces in
north-central New Mexico. The field consists of numerous basaltic to
dacitic flows ranging in age from late Miocene to Pleistocene. The
oldest flows, 8.3-5.7 m.y. old, are underlain by stream gravels and
appear to rest on a single surface or a series of nearly equivalent sur-
faces cut into the interior of the Sangre de Cristo Mountains at eleva-
tions near 3,000 m (10,000 ft). Numerous accordant ridgetops,
subsummits, and parks in the adjacent Taos and Cimarron Ranges
also are at elevations near 3,000 m (10,000 ft), which suggests that
this surface was widespread during late Miocene time. This surface
cuts across major Laramide structures and the various lithologies of
the mountain interior; it extends eastward onto the Great Plains. The
early volcanism was followed by episodic uplift and erosion now
marked by three lower erosion surfaces. These surfaces are also
preserved beneath volcanic rocks which are, respectively, 4.8-4.1 m.y.,
3.3-3.1 m.y., and 2.2 m.y. old. Thus, the oldest flows cap the highest
mesas; younger flows cap successively lower mesas. Of the four ero-
sion surfaces, the two oldest are warped and locally faulted across
the older Laramide fault zones, which indicates that late Cenozoic
uplift of the region involved differential movement between the Rocky
Mountains and the Great Plains. Young basalts (1.4 m.y. old) followed
major stream valleys and are now nearly 125 m (400 ft) above the pres-
ent stream levels. The youngest basalts (0.8 m.y. old) were deposited
mainly on older flows.

PREVIOUS WORK

Darton (1928) was the first to completely outline the
distribution of volcanic rocks in the Ocate field. Detailed
geologic mapping around Ocate by Bachman (1953)
refined the areal extent of the field. Parts of this area
have been mapped and described by Smith and Ray
(1943) and Robinson and others (1964) at the south end
of the Cimarron Range, by Simms (1965) south of
Rayado, by Schowalter (1969) in the Lucero area, by
Ray and Smith (1941) and Petersen (1969) in and near
the Moreno Valley, and by Johnson (1974, 1975) in the
Rainsville and Fort Union areas (pl. 1). Radiometric age
data have been reported by Stormer (1972), Hussey
(1971), P. W. Lipman (written commun., 1978), and

O’Neill and Mehnert (chapter A of this report).
Geochemical analyses of samples collected along a
northwest-southeast highway traverse across the
volcanic field were published by Aoki and Kudo (1975).
The physiography of the eastern part of the Sangre de
Cristo Mountains has been described by Lee (1921),
Fenneman (1931), Ray and Smith (1941), Smith and
Ray (1943), and Levings (1951), but none have dealt
directly with the Ocate area. This report is based on
reconnaissance mapping of the volcanic rocks in the
Ocate area by J. M. O’Neill during the summer of
1978.

INTRODUCTION

The Ocate volcanic field appears to cross the transi-
tion zone between the Southern Rocky Mountain and
the Great Plains physiographic provinces (Fenneman,
1931). The structural boundary between the provinces
is not clearly defined in north-central New Mexico. The
boundary is here interpreted to follow the eastern edge
of the Cimarron block which underlies the western part
of the Ocate volcanic field (fig. B1). This differs from
the boundaries proposed in earlier descriptions of the
two physiographic provinces.

Lee (1921) drew the boundary between the two prov-
inces in this area on structural grounds, along the
Cretaceous hogbacks on the west side of the Raton
Basin (fig. B1). Accordingly, the mountainous Raton
Basin constitutes the highest, most severely dissected
part of the Great Plains province, comprising lower Ter-
tiary strata, gently inclined to the east, that rise to more
than 3,000 m (10,000 ft) in elevation before the
Cretaceous hogbacks are reached.

Fenneman (1931) continued this boundary between
the provinces directly southward to the Moreno Valley;
from the Moreno Valley he extended the boundary due
south toward Las Vegas, N. Mex., along hogbacks
formed in part by the Permian Glorieta Sandstone
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(figs. B1, B2). Smith and Ray (1943, p. 912-913) placed
this boundary east of the Moreno Valley along the east
side of the southeast-trending Cimarron Range, and
suggested that the boundary then swing sharply south-
westward to Coyote Creek (fig. B2).

Laramide structures in this area suggest instead that
this boundary extends directly south from the east side
of the Cimarron Range. In the Sangre de Cristo Moun-
tains, Laramide-age structures consist of a series of
west-tilted, north-trending basement blocks bounded on
the east and west by high-angle reverse faults. From
Las Vegas northward, the major frontal faults are
marked by hogbacks that bound the east side of the
Sangre de Cristo uplift and trend north towards the
Moreno Valley (fig. B1); however, in the vicinity of La
Cueva, this zone bifurcates. The main fault continues
north to the Moreno Valley, whereas the second branch
is marked by a gentle, northeast-trending monoclinal
flexure. These two features enclose another gently west-
tilted block lying on the east side of the Las Vegas-
Moreno Valley fault zone. The southeast margin of this
block is marked by gently to moderately upturned
Paleozoic and Mesozoic sedimentary rocks. The margin
thus defined trends north-northeast, is locally covered
by the Ocate volcanic field, and takes on the character
of a major fault where it merges with the high-angle
faults that mark the eastern boundary of the Cimarron
Range. This monoclinal flexure and the east fault
boundary of the Cimarron Range represent a continuous
lineament and define a natural structural unit, the
Cimarron block. Ray and Smith (1941) restricted the
name Cimarron block to the northern part of this uplift,
where it is composed entirely of Precambrian igneous
and metamorphic rocks; these rocks are separated from
the southern, less strongly uplifted part, by a major
northwest-trending high-angle fault.

The Cimarron block, defined here as a segmented but
continuous structural entity, is crescent shaped, con-
vex eastward, and widest in the central part, pinching
out north and south where its frontal faults merge with
the major frontal faults of the Sangre de Cristo Moun-
tains proper (fig. B1). The Cimarron block is herein in-
terpreted to belong to the Southern Rocky Mountain
physiographic province. The western part of the Ocate
volcanic field lies within the southern part of the Cimar-
ron block; the western margin of the block roughly
defines the westernmost extent of the volcanic field. The
volcanic field crosses the eastern margin of the block
and extends onto the Great Plains.

PHYSIOGRAPHIC EVOLUTION

The Ocate volcanic field consists of numerous basalt
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flows that ~ap the many mesas in the vicinity of Ocate.
These flows cover three broad physiographic surfaces
(figs. B3, B4) and several smaller buttes and mesas that
range in elevation from more than 3,000 m (10,000 ft)
in the Sangre de Cristo Mountains to less than 1,800 m
(5,900 ft) on the Great Plains. The oldest flows erupted
8.3 t0 5.7 m.y. ago (table B1) and cap the highest of the
three broad surfaces. Flows of intermediate age (4.8 to
4.1 m.y.) cap the middle surface. Still younger flows,
3.3 m.y. old, cap the lowest of the three surfaces. Small
flows, 2.2 m.y. old, cap the lowest mesas in the Ocate
volcanic field. The youngest flows (1.4 and 0.8 m.y. old)
cover surfaces at various elevations that have since
been little eroded. For the purpose of this discussion,
the flows are grouped by age (older than 5.0 m.y., 4.0
to 5.0 m.y., and younger than 4.0 m.y.) and are discussed
by their corresponding surface—high, intermediate, and
low, the highest surface having the oldest flows. The
youngest age group includes flows on the lowest broad
physiographic surface as well as still younger flows on
smaller mesas and buttes. Some of the youngest flows,
however, erupted at higher elevations and covered
basalts of the older age groups.

HIGH-LEVEL SURFACES AND
THEIR VOLCANIC CAPROCK

Basalts older than 5.0 m.y. cover the highest gravel-
covered surfaces in the Ocate volcanic field (shown as
Tv3 on pl. 1). The oldest basalts, dated at 8.3 m.y., cover
about half of Sierra Montuosa Mesa in the northwestern
part of the field (fig. B5).

Basalts dated between 5 and 6 m.y. erupted from
widely separated vents. Near Wagon Mound, basal
flows at Las Mesas del Conjelon (pl. 1; fig. B5) have been
dated at 5.9 m.y. High flows along the west side of the
field and at the present drainage divide of the Sangre
de Cristo Mountains in the Cerro Vista quadrangle have
been dated at 5.7 m.y.

Sierra Montuosa Mesa.—Sierra Montuosa Mesa is an
elongate, northwest-trending mesa capped by basalt,
reaching an elevation of 3,136 m (10,290 ft). The mesa
stands above the slightly lower Ocate Mesa that is
formed by the largely flat lying Permian Glorieta Sand-
stone (pl. 1). The base of the flows along the southwest
side of Sierra Montuosa Mesa is about 100 m (300 ft)
higher than on the northeast side, which suggests that
the flows occupy, in part, a gentle depression. Well-
rounded stream pebbles, cobbles, and boulders are ex-
posed at the base of the flows along the southwest side
of the mesa.

La Grulla Ridge.—High basalts east of Agua Fria
Peak cap the 3,000 m (10,000 ft) high La Grulla Ridge
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Wagon Mound (pl. 1; fig. B8). The surface and the
overlying flows are bounded by Apache Mesa and
Apache Mesa (west) on the north and by the Turkey
Mountains on the south (pl. 1). However, remnants of
this surface are present north of Apache Mesa and ad-
jacent to Rivera Mesa (pl. 1, fig. B6), and its presence
suggests that several streams coalesced near Wagon
Mound to form a broad surface over much of this region.
This surface rises to the west toward Ocate along a gra-
dient of 10 m/km (50 ft/mi). The steepest gradient along
Ocate Creek is north and west of Ocate Valley, but the
gradient becomes noticeably flat in and east of the
valley (pl. 1). The flattest part of the stream is coinci-
dent with the surface on which the Charette Mesa
volcanic rocks rest so as to suggest that Ocate Creek
was graded to this surface prior to 3.0- to 3.1-m.y.-old
volcanism. Hence, this surface may be interpreted to
represent a broad pediplain developed in part along the
ancestral Ocate Creek.

Third, Cerro Pelon volcanic flows present in Ocate
Valley represent some of the older flows erupted dur-
ing this period of volcanism. These flows are laterally
continuous with the basalts on Charette Mesa near
Wagon Mound, dated at 3.3 and 3.1 m.y. They also have
a poorly preserved flow morphology. Thus, Ocate Valley
appears to have been present during the earlier stages
of the third period of volcanism.

The gravels below the basalts that cover Charette
Mesa and the flat surface on which the gravels lie
probably represent the ancestral Ocate Creek pediplain
as it existed prior to about 3 m.y. ago. The approxi-
mately equivalent elevation of basalts above the creek,
both within the valley and 5 km (3.1 mi) east of the
valley, and the fact that these flows appear to be only
slightly younger than the oldest flows on Charette
Mesa, suggest that the Ocate Valley was a significant
physiographic depression when this period of volcanism
began.

Fourth, distribution and age of the Las Feveras For-
mation, a fine-grained fluvial valley-fill deposit that
covers much of the floor of Ocate Valley, is consistent
with development of the valley before the Charette
Mesa period of volcanism. In contrast to the pervasive
erosion and denudation that characterizes the Pliocene-
Pleistocene history of the front ranges of the southern
Rocky Mountains (Ray and Smith, 194]; Smith and Ray,
1943; Levings, 1951; Scott, 1963, 1975), this deposit
records a period of deposition. Infilling of the valley
must have been produced by blockage of the Ocate
drainage system. That the Las Feveras Formation is
restricted to the Ocate Valley (Bachman, 1953) suggests
that this blockage occurred very near the present
stream outlet to the valley. The cause of the blockage
is unknown, but damming of the drainage either by lava
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or by faulting prior to volcanism is a reasonable
possibility. Flows lacking distinct flow morphology that
belong to the third period of volcanism (younger than
4 m.y.) rest directly on the Las Feveras Formation,
which indicates that this valley had formed by late
Pliocene time. Thus, the age of the Las Feveras Forma-
tion can be more specifically designated as Pliocene,
rather than late Tertiary or early Quaternary, the age
assigned originally by Bachman in 1953.

Youngest basalt-capped mesa.—One or two periods
of incipient pediplanation after the Charette Mesa
period of volcanism are recorded by scattered erosional
remnants in the form of small buttes and mesas (pl. 1).
Most of these are capped by gravel, but a small mesa
4.5 km (2.8 mi) north of Wagon Mound is capped by
basalt. The basalt cap lies 20 m (65 ft) below the
Charette Mesa flows and about 15 m (50 ft) above the
adjacent lowlands. Basalts on this mesa, dated at
2.2 m.y., were erupted from a low shield vent directly
west on Charette Mesa. Gravel-covered surfaces similar
in their physiographic expression to the 2.2-m.y.-old
basalt-capped mesa are preserved as isolated buttes ex-
tending from Rayado Creek southward toward Rivera
Mesa. These small buttes define the lowest surface
preserved in this area except for those stream terraces
preserved adjacent to Rayado Creek.

Buttes near El Cerro Colorado.—Gravel-covered
buttes are also preserved southeast of El Cerro Colorado
in the large valley drained by Coyote Creek (pl. 1). These
small buttes define the lowest gravel covered pediment
surface in this valley, rising some 40 m (130 ft) above
the valley floor. Their age is not known, but their
physiographic position indicates that they are younger
than the Charette Mesa surface.

Maxon Crater.—This large basaltic shield volcano is
located about 12 km (7.5 mi) south of Wagon Mound
and directly west of Interstate 25. The main vent is
located near the west side of the shield and is marked
by a large east-trending depression more than 1 km
(0.6 mi) long. Basalts expelled from Maxon Crater
flowed about 90 km (55 mi) eastward, through the can-
yon carved by the Mora River, and then a short distance
beyond the confluence of the Mora and Canadian
Rivers. At the confluence of the two rivers the flows
lie 100 m (300 ft) below the rim of the canyon, and 125 m
(400 ft) above the present level of the rivers. A basalt
specimen collected from the Maxon Crater flows ex-
posed in the roadcut along Interstate 25 gave a
K-Ar date of 1.4 m.y.

Cerro del Oro.—The youngest volcanic rocks in the
the area were erupted from the central part of Charette
Mesa, south of New Mexico Highway 21. The basalts
consist of two thick, viscous flow systems, each erupted
from one major and at least one minor vent and
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covering about 16 km? (6.25 mi?). The surfaces of the
flows are hummocky and are scattered with volcanic
bombs and scoriaceous material. Numerous pressure
ridges and flow ramparts are present, standing as ellip-
tical knobs 7-10 m (23-33 ft) above the surrounding
basalts. The cores of these structures show blocky,
oxidized lava overlain by dense, aphanitic, nonvesicular,
and somewhat platy basalt. The flows that show these
features best were erupted from the Cerro del Oro cinder
cone. The flanks of this cone consist of outward dipping
cinders, ash, bombs, volcanic breccia, and agglomerate.
The original crater has been partly eroded by a south-
draining gully. Basalts flowed southward from this
cone. A specimen collected from basalt interlayered in
the cinder cone was dated at 0.8 m.y.

SUMMARY

Volcanic flows 8.3 to 5.7 m.y. old preserve beneath
their cover the physiographically highest gravel-covered
surfaces in the Ocate volcanic field. The flows appear
to rest on a surface or series of nearly equivalent
surfaces that slope gently southeast from a drainage
divide, which in this part of the Sangre de Cristo
Mountains was located east of the present divide, prob-
ably near the Rincon Range (pl. 1). This paleosurface
cuts across diverse rock types and sharp structural
breaks, which suggests that late Miocene time was
marked by erosion and pediplanation without tectonic
activity.

About 5.5 m.y. ago, the crustal stability of the
southern Rocky Mountains during the late Miocene
ended. Uplift caused moderate dissection of the late
Miocene surface and development of a younger, lower
surface which was several tens of meters lower. This
intermediate-level surface, which is equivalent to the
Urraca surface of Smith and Ray (1943), wraps around
the mesas capped by the older basalts and around the
Cimarron Range and is continuous with the vast, broad
surface of the Park Plateau in the Raton Basin. This
surface truncates diverse rock types and structures. In
the vicinity of the Ocate volcanic field, it is represented
by a southeast-sloping erosion surface, largely carved
by the ancestral Rayado and Coyote Creeks. Much of
the upper reaches of this surface was covered by
volcanic rocks erupted between 4 and 5 m.y. ago.

Profiles drawn on the Urraca surface and the older
surface nearly parallel to it are locally warped, show-
ing concave upward and downward deflections. The con-
cave downward aspect of the surfaces is roughly
coincident with the eastern margin of the Cimarron
block. Warping is due to uplift of the Cimarron block
with respect to the adjacent Great Plains. This surface
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is also cut by significant down-to-the-west normal faults
on the west side of the field. These faults extend from
the Moreno Valley south at least to the Mora Valley;
displacement is as great as 275 m (900 ft).

After this period of broad uplift and volcanism, ma-
jor erosion was confined to the southeast side of Sierra
Montuosa Mesa and resulted in the formation of Ocate
Valley. The ancestral Ocate Creek cut this valley to
about its present size and elevation; the present floor
of the valley is graded to the surface beneath the lowest-
level basalts, 3.3-3.1 m.y. old, that cap Charette Mesa.
These flows or contemporaneous faulting apparently
dammed Ocate Creek and raised the base level, caus-
ing deposition of the alluvial-fluvial Las Feveras
Formation in Ocate valley.

This volcanism was followed by continued uplift;
associated denudation is marked by the formation of
the lowest paleoerosion surfaces and overlying gravels
in the area, now preserved as isolated gravel-capped
buttes and locally basalt-capped mesas standing slight-
ly below the Charette Mesa surface. Basalts on one of
these surfaces present near Wagon Mound were dated
at 2.2 m.y.

By the time of the Maxon Crater eruption, 1.4 m.y.
ago, the present major drainages were well established.

The youngest flows in the field were erupted from
several small vents on Charette Mesa, northwest of
Wagon Mound. This youngest volcanic episode is
characterized by hummocky flows of limited extent that
are surmounted by cinder cones.
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